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Abstract 

The proportion of the genome containing runs of 
homozygosity (ROH) affects production traits in 
livestock populations. In European and Australasian 
Thoroughbreds inbreeding, quantified using ROH 
(Froy), 18 associated with the probability of ever 
racing. Here, we measured F,o,, using 333K SNP 
genotypes from 768 Thoroughbred horses born in 
North America to evaluate the effect of inbreeding on 
racing traits in that region. Among North American 
horses, Fao, Was not associated (p = 0.518) with 
the probability of ever racing but was significantly 
associated with the number of race starts (p = 0.002). 
Among raced horses, those with a 10% higher Froy 
than the mean inbreeding coefficient were predicted 
to have 3.5 fewer race starts compared to horses with 
a mean inbreeding coefficient. Considering the trend 
of increasing inbreeding and a decline in the average 
number of race starts per runner in North America, 
mitigating inbreeding in the population could 
positively influence racing durability. 


The Thoroughbred horse has low genetic diversity 
relative to most other horse breeds, with a small ef- 
fective population size (Orlando & Librado, 2019; 
Petersen et al., 2013) and a trend of increasing inbreed- 
ing (McGivney et al., 2020). Until recently, the effects 
of inbreeding in the population were unknown. In the 
Australasian Thoroughbred, pedigree-based estimates 
of inbreeding are associated with a strong negative effect 
on racing performance (Todd et al., 2018). In European 
and Australasian Thoroughbreds inbreeding, quantified 
based on runs of homozygosity (ROH) determined from 
genome-wide SNP data, is associated with a lower prob- 
ability of ever racing (Hill et al., 2022). 

Although the population is globally distributed, 
the Thoroughbred is largely genetically homogeneous 
with considerable overlap in variation among regions 
(McGivney et al., 2020). For each geographical region, 
the prominent sire lines are the principal drivers of ge- 
netic diversity (McGivney et al., 2020). Nonetheless, 


region-specific selection for traits favourable to the 
different racing ecosystems (Han et al., 2020) and vari- 
ation in breeding practices, may impact on differences 
in population genetics across geographic regions (Lampi 
et al., 2020). 

Therefore, we examined the effects of inbreeding in 
the North American Thoroughbred population and 
compared this with results obtained for European and 
Australasian horses. We quantified inbreeding based on 
ROH (Feo) using 333K SNP genotypes from n = 768 
horses (n = 207 males, n = 561 females) born in North 
America between 2008 and 2016 and genotyped on the 
Axiom Equine Genotyping Array (Axiom MNEC670). 
All samples had a call rate>95%, and all SNPs had a call 
rate>95% and a minor allele frequency>5%. We called 
ROH with a minimum length of 300 kb using -homozyg 
in PLINK v1.90b (Purcell et al., 2007). All analyses were 
performed as previously described (Hill et al., 2022). 

Inbreeding coefficients (Fao) were calculated by 
summing the total length of ROH for each individual 
and dividing by the autosomal genome length of 2281 Mb 
(McQuillan et al., 2008; Wade et al., 2009). 

The distribution of Fo, in North America was sim- 
ilar to the European and Australasian distribution, with 
median Fao = 0.28 (Figure S1). There was little evidence 
of population stratification in a principal component 
analysis using genotypes for European, Australasian, 
and North American samples, with the North American 
horses distributed within the variation for the other re- 
gions (Figure S2). On average, individual animals had 
434 (range 370-670) ROH segments >300 kb with a mean 
length of 1.4Mb (the longest ROH spanned 42 Mb) and 
mean Foy ranged from 0.16 to 0.34. 

For horses born in North America and included in 
the study cohort, race records were obtained for Europe, 
Australasia, and North America. Among the genotyped 
horses, 654 had at least one recorded race start (raced) 
and 114 (14.8%) had no record of a race start (unraced). 
Raced horses had a median of 10 race starts. To test the 
hypothesis that inbreeding affects racing, we modelled 
the effects of inbreeding on racing using general linear 
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mixed models in Ime4 (Bates et al., 2015). A horse was 
assigned 0 if it had never raced and | if it had raced. 
Among North American horses, Fao, Was not associated 
(p = 0.518) with the probability of ever racing (Figure S3, 
Table S1). Separating ROH into long (25 Mb) and short 
(<5 Mb) ROH also showed no effect on the probability of 
ever racing (Figure S4, Table S2). 

In addition to modelling inbreeding effects on whether 
a horse had raced at all, we also fitted a model to test 
whether Fo); is linked to a lower number of race starts 
among those horses that did race (nm = 654). Among horses 
that did race, Fao), was significantly associated (p = 0.002) 
with the number of race starts (Figures 1, S5, Table 1). The 
number of race starts decreased significantly (p = 0.002) 
with increasing Fo, (log of the odds ratio: logo, [95% 
confidence interval] = —3.879 [—6.30, —1.46], Table 1). Long 
ROH and short ROH had similar effects on the number 
of race starts (Figure S6, Table S3). Overall, horses with 
a 10% higher Fo), than the mean inbreeding coefficient 
were predicted to have 3.5 fewer race starts compared to 
horses with a mean inbreeding coefficient (Table S4). The 
model predicts approximately 16 race starts for horses with 
the lowest Fpo,, (0.18), but only seven starts for horses with 
the highest Fo, (0.38). Approximately 9% of the total 
variance in number of races is explained by the model. 


FIGURE 1 Predicted counts of 
race starts for different inbreeding 80 
coefficients Fao, using the model: races 

(>0)~ Fron tsex+ (birth year) + (Jolre). 

Poisson model for number of races 60 
among horses that raced. Olre is the 
observational level random effect account 
for overdispersion. Plots show the same 
prediction lines with (left) and without 
(right) raw data plotted on top. The right 
plot zooms closer into the relevant plotting 
area. 
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The results obtained for the North American popula- 
tion contrast with results for European and Australasian 
horses (Hill et al, 2022). Among European and 
Australasian horses, Fp,,, was not associated with the 
number of race starts. For North America, inbreeding 
depression impacts on the durability (number of race 
starts) of horses that race, rather than on if they ever 
race at all. Furthermore, both long and short ROH 
contribute to the inbreeding depression observed for 
this trait in North America. The difference in trait ef- 
fect may be considered in the context of regional vari- 
ation in the racing ecosystems. One of the principal 
differences between racing in North America compared 
to Europe and Australia is the track surface on which 
horses train and race; in North America the majority 
of races are competed on dirt, whereas in Europe and 
Australia the majority of races are on turf (grass). Also, 
in North America, racing tends to be year-round at cer- 
tain tracks at which horses are also stabled and trained. 
In Europe, horses tend to be stabled and trained in pri- 
vate yards away from the track and transported to race 
meetings that are held at particular times of year (Horse 
Racing Ireland, 2021), and in Australia there is a mixed 
model. Furthermore, there is also considerable variation 
in permitted and prohibited medication control across 
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Model estimates for a Poisson mixed model with the response variable ‘races’ (number of races), for horses that had at least one 
race start using the model: races (>0)~Froh + sex + (1|birth_year)+(l[olre). 


Estimate 
Term logon CI (2.5%) CI (97.5%) z-value p-value Information 
Intercept 3.279 2.608 3.95 9.573 1.70x 10717 
Fixed effects 
Or —3.879 —6.296 -1.461 —3.144 0.0020 Continuous 
Sex 0.387 0.246 0.528 5.385 eae al Ome Categorical (0 = female, 
1 =male) 
Random effects (standard deviation) 
Birth year 0.141 n=9 
Observation-level random 0.677 n= 768 


effect 


CI, confidence interval. 
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racing jurisdictions, both between countries and within 
the USA, across states (116th United States Congress 
[2019-2020], 2020). 

A possible explanation for the association in North 
America between inbreeding and number of race starts, 
but not with ever racing, may be the practice of training 
and racing at the same race track. Horses that perform 
high intensity ‘work’ exercise training at the same race 
track at which they race could be more likely to start in 
a race than horses that are trained away from the race 
track and that need to be transported considerable dis- 
tances (100s of km) to race. A second possibility is that 
our sample of North American Thoroughbreds is too 
small to reveal an effect on whether a horse ever raced, 
being only 13% of the sample size used for European and 
Australasian horses (Hill et al., 2022). 

Irrespective of the explanation, here we show that in- 
breeding has a negative effect in the North American 
Thoroughbred, such that horses with higher levels of in- 
breeding are less durable than animals with lower levels 
of inbreeding. Considering the rising trend of inbreed- 
ing in the population (Binns et al., 2012; McGivney 
et al., 2020), these results indicate that there may also 
be a parallel trajectory towards breeding less robust 
animals. Indeed, over a 40-year period, the average 
number of race starts in North America has declined 
by 35% from 9.21 (1980) to 5.95 (2021) starts per runner 
(The Jockey Club, 2022). Although commercial consid- 
erations and opportunity to race may have influenced 
this decline, here we show that inbreeding is also a sig- 
nificant contributing factor, presumably as a result of 
the cumulative effect of deleterious mutations across 
the whole genome. Therefore, efforts to mitigate in- 
breeding should be considered for breed improvement. 
Managing inbreeding in the population by determining 
genetic relatedness among potential mate choices and 
selecting less related animals for breeding, could im- 
prove the racing durability of horses in North America 
with long-term positive effects on population health 
and sustainability. 
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